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Seed dispersal is one of the most important aspects in the life
cycle of flowering plants. This process can help to maintain or
increase their numbers, colonize new sites within or outside their
coiranunities (Harper, 1977; Pijl, 1982), and increase gene flow
(Seattle, 1978). Nevertheless, the presence or absence, and the
density of a population, depends not only on the availability of
seeds, but on a series of deterministic events within an environ-
ment. One of these is the frequency of safe sites, which are
microsites that provide the precise conditions requered by a par-
ticular seed (Harper, 1977).

The density of seedlings will most often be determined by the
number of microsites available; in most parts of a plant's range,
seed will outnumber microsites. The availability of microsites
places a ceiling on the population density of seedlings (Crawley,
1983). The precise properties of germination microsites or safe
site differ from species to species, but it must provide all the
requisites of germination, root penetration and leaf expansion.
Since the number of microsites can only be defined in relation to

the requirements of a particular species, there can be no single
parameter such as "microsite density" (Crawley, 1983). The maxi-
mum number of seeds germinating on a given area will be determined
by the size and shape of the seeds relative to the surface rough-
ness, and by many other factors (Harper et al., 1970; Harper,
1977; Crawley, 1983). Thus, while the number of microsites may
well limit the rate of seedling recruitment, the number is proba-
bly impossible to estimate.

The knowledge of seed deposition patterns and safe site availa-
bility are important to the increasing number of studies on plant
population dynamics, but technical difficulties have hindered col-
lection of such information (see Werner, 1975, for review). In-

formation concerning seed deposition patterns and inferences on
the number of available safe sites could result from experimental
approaches (Werner, 1975), or from studies on the spatial distri-
bution of individuals within a population, assuming that greatest
abundance reflects optimal sites for seed deposition, germination,
and seedling development (Garcia-Franco & Peters, 1988).
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Seed dispersal studies have been carried out mainly for terres-
trial plants (i.e., Werner, 1975; Conant, 1978; Watkinson, 1978;
Magraw & Musselman, 1979) . These authors have defined and de-
scribed the appropiate techniques to mark and recapture seeds, but
have not considered the problem for epiphytes. Eighty four per-
cent of epiphytic plants are anemochorous . Most epiphytes produce
high seed numbers that result in dense seed rains, increasing the
probability of reaching an optimal microsite (Madison, 1977). For
example, an orchid capsule may contain as much as 5 millon seeds
(Dressier, 1981), a capsule of Cycnoches chlorochilon (Orchida-
ceae) contained 3,770,000 seeds (Dunsterville, 1962), and the
infrutescences of Tillandsia deppeana (Bromeliaceae) contain a
mean of 3,834 seeds per plant (unpublished data). Which is the
fate of all those seeds? Some authors consider that epiphytic
plants require specific host trees for their development and that
they are more abundant on particular parts of the host's crovm
(Valdivia, 1977; Garcia-Franco & Peters, 1988); nevertheless,
nothing is known about their seed deposition pattern or about the
probability of a seed in reaching an optimal microsite.

This paper describes an experiment to determine the seed deposi-
tion pattern of Tillandsia deppeana Steudel (Bromeliaceae) on its
prefered host tree, Liquidambar styracif lua L. , as well as the
probability of T^. deppeana seeds in reaching an optimal microsite
on another specific host tree.

DESCRIPTION OF THE STUDY SITE

The site.- Field work was done in Parque Ecologico F. X. Clavi-
jero, 2 km SE of Xalapa, Veracruz, Mexico; at 1,280 m above sea
level. The park has a small area of cloud forest, including
Tillandsia deppeana as a common epiphyte, and an old orchard (Or-
tega, 1981). Park topography is very irregular, with a deep layer
of clay-sandy soil. Climate in the area is humid-temperate, with
rain fall distributed throughout the year. Mean annual tempera-
ture is 17.9°C and total annual precipitation is 1,515 ram (Garcia,

1973; Soto, 1986).

The plant.- Tillandsia deppeana is an epiphyte that reaches 80

cm in height (including inflorescence spike) . It has a funnelform
rosette shape, green leaves, erect scape, short-pinnate inflores-
cences with pink to red spikes, blue-violet flowers, and capsular
fruits. This species is endemic of Mexico, distributed in cloud
and pine forests, between 1,080 and 1,800 above sea level, in the
states of Tamaulipas, Hidalgo, Puebla, Veracruz and Oaxaca (Smith
& Downs, 1977; Garcia-Franco, 1987). As in most bromeliads, sexu-
al and asexual (offshoots) reproduction are present in T. deppeana,
but because it only produces one offshoot, the later is not
considered as important as in other species of the group. Fifty
three percent (53.57%) of the T. deppeana individuals in the study
area have L. styraciflua as host tree, the rest of the individuals
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are scattered on species of Quercus and other species; 30.61 % of

the T_. deppeana individuals on I., styracif lua are localized in the
3-11 m height range; mean distance between I., styracif lua individ-
uals is 14.24 + 7.5 m (n = 20); mean distance between all host
tree species of T^. deppeana in the area is 11.78 + 6.10 m (n = 55)

(unpublished data)

.

METHODS

The experiment was accomplished during the first two weeks of

March, 1988, corresponding with the seed dispersal period of T_.

deppeana . Field work days were characterized by strong winds,
originated by the north-south displacement of the cold fronts.
The combination of the cold air coming from the north of the con-
tinent and the warm air of the Gulf of Mexico, causes great envi-
ronmental humidity and many days with mist and fine rain. These
are the prevailing winter conditions for this region.

The firts part of the experimental design consisted on the col-
lection of 8,500 seeds of T. deppeana (a mean of 3,839 seeds per
plant) . These seeds were marked with a fine fluorescent powder
(USR Optonix, Inc.) and placed on a tray suspended at 6.90 m above
ground on a branch of the L. styracif lua tree used as "origin".
The tray was left in that position for five days. The second part
of the experimental design was done simultaneously, and consisted
on placing six chains of seed traps, each chain was made of four
or five rectangular pieces of cardboard (42 cm x 30 cm) covered
with a sticky surface (stripes of maskin tape), representing a

capture surface of 3.40 m2. The traps were placed at different
heights (between 6.90 m and 11.0 m) and distances (between 8.80 m
and 28.0 m) from the "origin tree", suspended with lenghts of

fishing line (Figure 1). All traps were close to L. styracif lua

individuals, which are the most common host tree for T^. deppeana
in the area (Figure 1). At the end of the five days, the tray was
recovered and the remaining seeds were counted. The seed traps
were removed from their positions and the number of fluorescent
marks on the sticky surface were recorded with the aid of a U.V.

lamp (UVP, Inc., model UVL-21).

RESULTS AND DISCUSSION

At the end of the five day period, 3,849 seeds remained in the

tray and 4,651 were dispersed. Of the later seeds, 171 were cap-
tured on the 3.40 m2 trap surface. The probability of a seed from
the tray in reaching a trap was 0.037. If we consider that the

crown surface area of a L. styracif lua tree is roughly 87.78 m2
and that our sample area was 3.40 m2, then we should expect that

4,414.8 seeds could be deposited per tree; this is equivalent to

the number of seeds produced by one and a half T. deppeana indi-
viduals. Despite the high number of seeds that could theoreti-
cally reach a given tree, we only found a mean of 4.2 + 3.6 ^.
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deppeana plants per host tree, which should produce annually, ca.

15,336 seeds.

All captured seeds were registered between 3.30 m and 10. 6A

m above ground; the highest percentages were between 3.55 m and

6.50 m (49.7%), and between 7.55 m and 10.50 m (44.44%). These
data reinforce our observation that the highest number of T^.

deppeana individuals fall between the 9.0-11.0 m height range.

Concerning seed dispersal distance, we captured 62 % of the mar-
ked seeds between 8.80 m and 15.0 m away from the "origin tree",

and 38 % between 24.5 m and 28.0 m. McWilliams (1974) mentiones
that a Tillandsia fasciculata seed remained airborne for 12 sec;

the greatest flight distance we were able to measure for a marked
T^. deppeana seed was 35.0 m, airborne time should exceed the above
report. The distance where the highest number of seeds were cap-

tured (8.80-15.0 m) closely resembles that of the mean distance
between _L. styraciflua host trees (14.23 m) , or the distance be-

tween all host trees species of T^. deppeana in the area (11.78 m)

;

thus, there should be no difficulty for seeds to reach a host

individual. It has been noted by several authors (see McWilliams,
1974) that the Tillandsioideae have the greatest geographical
range of the three bromeliad subfamilies, and that airborne time

is highly correlated with potential dispersal distance. It seems

to us that, eventhough the Tillandsioideae have a wide range,

individual species have relatively restricted geographical ranges
(with the exception of Tillandsia usneoides L. and its forms and

varieties). Under normal atmospheric conditions, the distance
covered by seeds dispersed by wind will fall within the range of

the population. Long-distance dispersal events should result from

extreme atmospheric conditions, i.e. hurricans, and the low

probability that a seed will be deposited on a safe microsite.

CONCLUSION

The method utilized, both cheap and easy to use, allowed us to

infer T_. deppeana 's seed dispersal and deposition patterns. T^.

deppeana individuals allocate high amounts of energy to the pro-

duction of propagules, which eventually will have a low probabili-

ty of success. Low success, whether due to the lack of safe mi-

crosite, or to the failure of seeds in reaching a suitable host

tree, makes us wonder that, if it wasn't for vegetative reproduc-

tion, the density of T^. deppeana should certainly be lower than

observed.

After analyzing our results, it is tempting to conclude that, a)

available safe microsites for T_. deppeana are scarce, only 4,2
plants per host tree, when theoretically 4,414.8 seeds could be

captured by the 87.78 m2 surface of the host tree, b) these sites
are localized between 4.0m and 11.0 m above the ground, and c)
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there should be no difficulty for seeds to reach a host tree, most
seeds were captured between 8.80 m and 15.0 m away from the seed
source, and mean distance between host trees is 14.23 m.

LITERATURE CITED

BEATTIE, A.J. 1978. Plant-animal interactions affecting gene flow
in Viola . In: A.J. Richards (ed.), Linnean Society
Symp. Ser. No. 6. Academic Press, London, pp. 151-164.

CONANT, D.S. 1978. A radioisotope technique to measure spore
dispersal of the tree fern Cyathea arborea Sm. Pollen et
Spores 20(4):585-593.

CRAWLEY, M.J. 1983. Herbivory. Studies in Ecology Volume 10.

Blackwell Scientific Publications, Oxford. 473 p.

DRESSLER, R.L. 1981. The Orchids: Natural History and Classifica-
tion. Harvard Univ. Press, Cambridge. 332 p.

DUNSTERVILLE, G.C. 1962. El Mundo de las Orquideas. Ed. Lectura,
Caracas. 103 p.

GARCIA, E. 1973. Modif icaciones al sistema de clasif icacion clima-
tica de KHppen. Inst, de Geografia, UNAM. Mexico. 246 p.

GARCIA-FRANCO, J.G. 1987. Las Bromelias de Mexico. Ed. INIREB
(Publicacion Tecnica) , Xalapa, Ver. 94 p.

GARCIA-FRANCO, J.G. & CH. PETERS. 1988. Patron espacial y abundan-
cia de Tillandsia spp. a traves de un gradiente altitu-
dinal en los Altos de Chiapas, Mexico. Brenesia (in

press)

.

HARPER, J.L. 1977. Population Biology Plants. Academic Press.
London. 492 p.

HARPER, J.L., P.H. LOVELL & K.G. MOORE. 1970. The shapes and sizes
of seeds. Ann. Rev. Ecol. Syst. 1:327-356.

MADISON, M. 1977. Vascular epiphytes: their systematic ocurrence
and salient features. Selbyana 2(1): 1.13.

MAGRAW, T.W. & L.J. MUSSELMAN. 1979. Notes on the dispersion fo

Dryopteris spores in the great dismal swamp. Amer. Fern
J. 69(l):6-8.

MCWILLIAMS, E.L. 1974. Evolutionary ecology. In: L.B. Smith & R.J.

Downs (eds.). Flora Neo tropica. Monograph No. 14

(Pitcairnioideae) . Hafner Press, New York. pp. 40-55.

ORTEGA, R.V. 1981. Proyecto Parque Ecologico F. Javier Clavijero.
Informe INIREB-8130034. 24 p.

PIJL, L. VAN DER. 1982. Principles of Dispersal in Higher Plants.
Springer-Verlag, Berlin. 213 p.

SMITH, L.B. & R.J. DOWNS. 1977. Flora Neotropica, Monograph No. 14

(Tillandsioideae) . Hafner Press. New York. pp. 714.

SOTO, E.M. 1986. Localidades y Climas del Esatdo de Veracruz. Ed.

INIREB, Xalapa, Ver. 137 p.

VALDIVIA, P.E. 1977. Estudio Botanico Ecologico de la Region del

Rio Uxpanapa, Ver. No. 4 Las Epifitas. Biotica
2(1):55-71.



78 PHYTOLOGIA Vol. 65, No. 1

WERNER, P. A. 1975. A seed trap for determining patterns of seed

deposition in terrestrial plats. Can, J. Bot.

53:810-813.

Figure 1. a) "Origin tree" (1), seed traps (2), Liquidambar

styraciflua individuals (3). Arrow shows wind

direction, b) Example of a seed trap.


